Energy policy in the European Union faces two major challenges. The first challenge is posed by EUs commitment to reduce greenhouse gas emissions to the atmosphere in the context of the international agreement on climate change. The second challenge is to keep ensuring European security of energy supply, while its dependency on external sources of energy is projected to increase. In this paper, two long-term alternative climate change policy scenarios for Europe are examined. In the first scenario, EU reduces CO 2 emission by domestic measures; in the second scenario EU maximizes cooperation with the countries of the former Soviet Union. Impacts on carbon flows between the EU and FSU and on the external energy dependency of the EU are assessed with an applied general equilibrium model, GTAP-E, whose set of energy commodities is expanded with combustible biomass as a renewable and carbon-neutral energy commodity. The results show that there is a trade-off between economic efficiency, energy security and carbon dependency for the EU. The FSU would unambiguously prefer cooperation.
Introduction
Energy policy in the European Union (EU) faces two major challenges. The first challenge is posed by EUs commitment to reduce greenhouse gas emissions to the atmosphere in the context of the international agreement on climate change. The second challenge is to keep ensuring European security of energy supply, while its dependency on external sources of energy is projected to increase (IEA, 2002) . These challenges to energy policy must be faced in a time when EUs markets of electricity and natural gas are in the process of being liberalized; when the EU is facing a major political challenge because of the upcoming accession of new Member States; and when the political stability in major energy-producing countries in the world is fragile and insecure.
This paper focuses on the interaction between the challenges of climate change and energy security to EUs energy policy in the longer term. The primary question is whether synergy is possible between climate change policies and energy security policies or whether these policies must necessarily conflict with each other. In particular, the paper examines two options for pan-European cooperation between Eastern and Western Europe on energy security and climate change policies in the longer term. In the first option, the EU tries to meet its reduction targets entirely by internal measures. In this way, the EU attempts to simultaneously reduce its carbon dioxide emissions and reduce its external energy and carbon dependency by actively promoting the indigenous production and use of renewable energy, in particular that of combustible biomass. In the second option, Eastern and Western Europe cooperate in climate change policies by establishing an international, unrestricted carbon dioxide emissions trading program between the two regions. The economic, energy and environmental effects of these two options are assessed with the help of an applied general equilibrium model of international trade that is calibrated to the parameters of the problem at stake.
The structure of the paper is as follows. Section 2 presents some background on EU climate change policies (Section 2.1) and energy security policies (Section 2.2). Section 3 discusses the model and the data. Section 4 specifies the policy scenarios. Section 5 presents the results of the simulations (Section 5.1), and interprets the results for the two policy scenarios (Sections 5.2 and 5.3). Section 5.4 introduces the concept of carbon dependency and quantifies the trade-off between carbon dependency and welfare. Section 6 concludes and suggests areas for further research.
EU policies on climate change and energy security

Climate change policies
International climate change policies seem to be in a critical stage at the moment. It is still unclear whether the Kyoto Protocol will be ratified by enough Parties to come into effect, and which Parties will eventually aim to meet its targets. Moreover, there is little progress on the formulation of precise and operational definitions of the instruments of the Kyoto Protocol, including the trading mechanisms and sinks. It is extremely difficult at the present time to foresee the future development of the international climate change regime and its effects on material and virtual carbon flows among nations.
Nevertheless, it may be assumed as a working hypothesis, that an international climate change regime will unfold over this century. It may also be assumed that this regime will cover at least some industrialised countries and countries with economies in transition. Means will probably be found to engage developing countries in this regime, in one way or another. The bottom-line is that the external costs of carbon emissions (and emissions of other greenhouse gases) will be internalised into the economic process, to a greater of lesser extent. Given the differences in carbon content among different fuels and other energy carriers, this will lead to changes in production and consumption and international trade.
The European Commission has taken climate-related initiatives since 1991, when it issued the first Community strategy to limit CO 2 emissions and improve energy efficiency. These include a proposed directive to promote electricity from renewable energy, voluntary commitments by car makers to improve fuel economy and proposals on taxation of energy products.
In June 2000 the European Climate Change Programme (ECCP) was launched, whose goal is to identify and develop all the necessary elements of a EU strategy to implement the Kyoto Protocol. The ECCP is preparing a range of additional EU-level policies and measures to cut greenhouse gas emissions as well as an emissions trading scheme that could start operating within the EU by 2005 (EC, 2001b . Proposals for policies and measures initially focus on the energy, transport and industry sectors, but the scope may be broadened later to encompass other sectors such as agriculture, forestry and waste. In a Green Paper on emissions trading the Commission set out its ideas on an internal GHG trading system. The Commission proposes that the EU trading system should initially focus on CO 2 emissions and involve only a relatively small number of economic sectors and sources that contribute significantly to emissions. Large industrial boilers and medium-to-large industrial sites covered by the directive on Integrated Pollution Prevention and Control would be the main candidates. The EU can already provide financial support in the context of Joint Implementation and the Clean Development Mechanism. Several Member States have developed strategies to meet the targets set by the Kyoto agreements. Several Member states are also developing internal CO 2 trading systems as a part of these strategies (Zapfel and Vainio, 2002) .
International climate change policies and the implementation of these policies in the EU and its Member States can influence carbon flows between FSU and the (enlarged) EU. While there is uncertainty on the form that the international climate change regime will take, it is likely that both the international community and the EU will continue to develop and implement policies in this area.
Russia and other countries of the FSU could also play a role in EU climate change policies by increasing their supplies of fuels with a low or zero carbon content (gas, biomass). Whether this is an attractive option for the EU is also dependent upon other considerations such as, for example, energy (security) policies.
Energy security policies
The energy markets in the EU, especially those of electricity and gas, are rapidly changing, due the to liberalisation of these markets. The latest proposals of the European Commission now call for a complete opening-up of the gas and electricity markets in 2005 for all consumers. It is not yet clear what this liberalisation of the energy market will exactly mean for the environmental performance of energy firms and the entire energy cycle, but it is clear that the liberalisation will change the way that authorities have dealt with energy firms before, also on environmental issues. This creates challenges as well as opportunities.
The EU strategy for the security of energy supply is set out in a recent Green Paper (EC, 2001a) . The main findings from this Green Paper are that the Community's dependence on external energy sources will increase. Forecasts predict that dependence on external sources will reach 70 per cent in 2030, and this situation will not improve by enlargement. The EUs scope to influence supply-side conditions is very limited. The EU has greater scope to influence the demand side, mainly by promoting energy saving in buildings and the transport sector. Given these developments and constraints, the Green Paper then asks whether this increase of dependency is acceptable, without compromising the EUs security of supply and competitiveness? The Paper notes that the policy of geopolitical diversification of energy supplies has not been able to free the EU from effective dependence on the Middle East (for oil) and Russia (for gas). The Paper brings to our attention that a number of Member States, and in particular the applicant countries, are entirely dependent on a single gas pipeline that links them to a single supplier country.
Other questions from the Paper relate to the strengthening of the EUs coordination of energy security policies, tax and State aid policies in the energy market, possibilities to strengthen partnerships with producer countries (particularly Russia), the need of stockpiling programmes (for other energy resources than oil), the future of nuclear energy in Europe, the development of renewable energy resources, including biofuels, an the potentials of energy saving policies in buildings and the transport sector. EU energy policies are of major importance to the carbon flows between the FSU and the EU. In the first place, economic and technological options in the energy sector are of major importance for the cost-effective abatement of CO 2 emissions. Will Europe's energy future remain based on fossil fuels (possibly with technologies that capture and store CO 2 emissions due to combustion), or will a major switch to renewable energy sources take place? In the second place, what are the synergies and contradictions between climate change policies and energy security policies? Both climate change policies and energy security policies emphasize the importance of demand-side options with respect to energy savings. But climate change policies and energy security policies may contradict in the area of supply-side options, for example with respect to the production and use of coal, and with respect to the reliance on imports of cleaner fuels.
The model and data
GTAP-E model
The numerical analysis in this paper employs the GTAP-E model (version 6.1.5), a member of the Global Trade Analysis Project (GTAP) family of models (Hertel, 1997 ).
The GTAP model is a widely used, comparatively static, multisector, multiregion applied general equilibrium model. Because it is comparatively static it calculates only distinct equilibrium positions of the economy, and not the path along which the economy moves from one equilibrium position to the other. The model makes use of a detailed database with a broad coverage of (trade) distortions and explicit statistics on transport margins. Firms are assumed to use constant-returns-to-scale technologies, except for the energy supply sectors that have an upward-sloping supply function. Import demand is modelled through the Armington assumption of imperfect substitutability between domestic and imported goods and between imported goods from different regions. The Armington approach to import substitution is widely used in applied trade models. It treats goods from different countries as imperfect substitutes (or varieties), thus avoiding complete specialization of countries or unrealistically large trade responses to price changes. The model assumes a global bank to mediate between world savings and investments, and a region-specific set of equations for consumer demand that allows for different responses to price and income changes across regions. GTAP-E has the same structure as GTAP, but its production structure includes a more detailed description of substitution possibilities among different sources of energy. A further description of the model's features is given by Burniaux and Truong (2002) .
The GTAP-E model is calibrated on the GTAP-5E database. This database contains information on input-output relationships and bilateral trade flows among five factors of production, fifty traded commodities and fifty regions for the year 1997, expressed in million USD. In addition to the standard GTAP-5 database, the GTAP-5E database contains detailed information on the volumes of traded and used energy commodities (in million tons of oil equivalent) and on emissions of carbon dioxide (in million tons of carbon).
The GTAP-5E database does not contain information on renewable energy sources.
For the simulations presented in this paper, we have added to the database information on biomass as a source of renewable energy. Appendix I to this paper contains a brief description of the sources of biomass information used and the methodology employed to integrate this information in the GTAP-5E database, while preserving its consistency.
Biomass is added to the set of non-electric, non-coal energy commodities in the GTAP-E model. Substitution possibilities among the energy commodities and among energy commodities and primary factors of production, such as capital, are determined by substitution elasticities. Because the present application deals with a long-term problem, the standard GTAP-E substitution elasticities have been doubled, and those that are relevant to the electricity sector have been quadrupled.
For our policy simulations, we have aggregated the GTAP-5E database into four regions and eight traded commodities (including biomass). The regions are: EU28 (see below), Former Soviet Union (FSU), Rest of Annex I (RoA1), and the Rest of the World (RoW). The sectors include six industries that produce energy commodities (coal, crude oil, gas, petroleum and coal products, electricity, and biomass), and two other industries: energy-intensive industries and the large residual sector of other industries and services. For the purposes of this paper, it is assumed that the EU will continue with the process of enlargement over the next decades. In our simulations the EU will expand towards a union of twenty-eight countries in the year 2030. This 'EU28' consists of the present fifteen member states of the EU plus the Eastern European accession countries (less the Baltic States), the countries of the European Free Trade Area (Norway, Switzerland, Iceland), and Turkey. The Baltic States (Lithuania, Latvia, Estonia) could not be added to the enlarged EU region because they are integrated into the FSU region in the GTAP-5E database. Cyprus and Malta could also not be added to the EU, as they are integrated in RoW in the GTAP-5E database. In terms of carbon flows, the importance of these omissions is not great, however. The Baltic States emit less than two percent of the FSUs carbon dioxide emissions and the Baltic States plus Cyprus and Malta emit only about one percent of the carbon dioxide emissions from EU28. Table 2 presents carbon flows between EU28 and FSU in the base year (1997). A distinction is made between the primary energy commodities coal, crude oil, gas, and biomass on the one hand, and refined oil products on the other hand. Table 2 shows that the trade balance is highly skewed, with a large net import of EU28. In terms of carbon, trade in crude oil and gas dominant, while international trade in biomass is very limited.
Base data
The carbon flow from FSU to EU28 totals 170 million tons of carbon (MtC). There is also a much smaller carbon flow from EU28 to FSU of 11 MtC. In the remainder of this paper, we will not report the (small) changes in this latter flow. 
3.3
The baseline scenario
The baseline scenario that is used in the policy simulations is derived from the Ref- Global economic growth over the period 2000-2030 is assumed to be three per cent per year on average. Global population growth is projected to slow down to an average of one per cent per year over the projection period. Most of global population growth is projected to occur in the urban areas of developing countries. World energy use is projected to increase steadily over the projection period. Fossil fuels will remain the primary sources of energy. Among the fossil fuels, natural gas will grow fastest, but oil will remain the most important energy source. The share of renewable energy sources will increase, while that of nuclear power will fall. The supply of oil and gas is increasingly concentrated in the Middle East and Russia, while additional demand is mainly from OECD and the dynamic Asian economies. Hence, international trade in energy commodities will expand, pushing "supply security back to the top of the energy policy agenda." (IEA, 2002: 57) .
Economic growth in the « enlarged EU » (EU28) 1 is projected to average two per cent per year, while population growth falls to an average of 0.1 per cent per year. Primary energy use is also projected to grow, at a rate of 0.8 per cent per year. The shares electricity and gas in final energy consumption are projected to grow, while the shares of oil and, particularly, coal will fall. Electricity generation will increase its use of gas and renewables, while it will make less use of oil, coal and nuclear. As a result of these trends, the emissions of carbon dioxide from the combustion of fossil fuels are projected to increase by almost 23 per cent over the period 2000-2030. 1 EU28 is almost identical to the IEA region "OECD-Europe", except for the EU28 member states Bulgaria, Romenia and Slovenia who are not part of OECD-Europe. In terms of energy use and CO 2 emissions this difference is insignificant. The WEO2002 projections for OECD-Europe are therefore used for EU28 projections in this paper.
On the production side, the EU supply of fossil fuels is falling. The production of coal will fall and oil production in OECD-Europe is projected to fall by more than 60 per cent. The indigenous supply of gas is projected to fall slightly. The production of renewables, including biomass, is projected to increase. The increased demand for energy in OECD-Europe cannot be met from indigenous supply. Hence, the energy import dependency of OECD-Europe, especially for oil and gas will increase substantially. The Middle East will emerge as a major new supplier of gas to Europe, but the FSU will remain its largest single supplier (IEA, 2002: 116) . The imports of fossil fuels from FSU See Poussenkova (this issue) for an interesting discussion on the economics and politics of the Russian energy sector. Under discussion in Russia is the option to increase the share of coal in electricity and heat production and sell more gas abroad. Domestic gas prices in Russia (including non-payment) are way below world market prices.
On the supply side, oil and gas production are projected to increase, but these projections are highly dependent on the assumption of sufficient investments in development drilling and pipeline construction. If these investments come true, Russia will increase its exports of oil and natural gas -to Europe, but increasingly also to China and Korea.
For the baseline scenario of this paper, the WEO2002 projections are complemented with IEA information on the period 1997-2000, to construct projections for the period 1997-2030. Key assumptions on the baseline scenario for EU28 and FSU are summarized in Table 3 . 
Policy scenarios
In this paper we investigate the implications of two alternative scenarios for devel- In order to tentatively explore the consequences of these alternative scenarios a number of simplifying assumptions have been made.
1) The climate change policy goal of -30 per cent applies to carbon dioxide only.
We thus avoid complications by other gases and sinks.
2) The policy goal of -30 per cent applies to EU28 only; FSU is assumed to stabilize its emissions at 1990 levels, and the other regions are assumed not to have any climate change policy goals at all.
3) The difference between the scenarios described above is completely determined by the adoption of different sets of policy measures by EU28 and FSU in the respective scenarios.
4) The policy measures themselves are stylised, Idealtypisch, and not bedraggled by the imperfections of political and economic reality.
5) It should be emphasized that while the baseline scenario assumes fairly large rates of technological progress and learning with respect to energy efficiency and the generation of renewable energy, the policy scenarios do not assume that these rates will increase because of the climate change policies. In other words, no induced technological progress and learning is assumed in the policy scenarios. This is, of course, a conservative assumption that may overestimate the compliance costs of carbon reduction policies in the future.
In the Autanomy/independence scenario, EU28 adopts purely domestic measures to meet its CO 2 reduction target. It establishes a domestic emissions trading system, but permits cannot be exchanged across borders between the two regions. In order to stimulate intra-EU energy sector adjustments and innovation, and to reduce dependency on extra-EU sources of energy, EU28 stimulates the indigenous production of biomass for energy by way of an output subsidy and limits imports of biomass by means an import tariff.
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The policy measures in the Trading/interdependence scenario consist of the creation of a tradable emission permits system across the entire pan-European region. One permit grants the holder of the permit the right to emit one unit of CO 2 . The permits are initially bought at an auction and can afterwards be freely bought and sold on secondary markets.
The total number of permits that is put on the market is equal to the sum of the allowable CO 2 emissions of EU28 and FSU. The market determines by what proportion each region reduces its emissions. 5 In this scenario it is further assumed that trade-distorting subsidies on coal production in EU28 are eliminated.
The key assumptions of the two policy scenarios are summarized in Table 4 .
EU28 could also subsidize other form of renewable energy production. The limitation to biomass is due to the limitations of our model.
5
Note that we assume a perfect market for emission credits, i.e. a market subject to the Law of One Price. Under which legal regime the credits are traded, be it Joint Implementation, Emissions Trading or a combination of both, is of no concern to us in the present analysis. 
Results
Carbon flows and energy dependency
The Autonomy/independence scenario and the Trading/interdependence scenario represent two extremes in which EU climate policy could develop. As expected, carbon flows between the FSU and EU28 are affected by the choice of policy scenario. We Mt C in 1997 (see Table 2 ) to 319 Mt C in 2030, a rise of 88 per cent. Among the fuels, the largest increase is for gas, followed by oil (crude plus oil products). 
Figure 1 Carbon flows from FSU to EU28 in three scenarios
How do these different scenarios affect the external energy dependency of EU28? Table 5 shows the energy dependency ratios for EU28 in the three scenarios. The first row shows the overall, global, energy dependency ratios of EU28, the second row shows EU28's energy dependency ratios vis-à-vis the FSU. The changes in trade flows in the Autonomy/independence scenario are induced by changes in production and consumption of carbon in EU28. In the Trading/interdependence scenario they are induced by changes in production and consumption in both regions and are therefore more difficult to explain. We start with the simplest case: the Autonomy/independence scenario. In order to boost the production and consumption of renewable energy, EU28 subsidizes domestic biomass production. In order to avoid 'leakage' of this subsidy to foreign producers, and in order to enhance energy self-sufficiency within EU28, an import tariff on biomass is established that effectively 'freezes' import of biomass at pre-policy levels.
5.2
The high price for carbon allowances causes drastic changes in energy production, consumption and trade. Total demand for fossil fuels drops, especially the demand for coal (-90%). Demands for oil and gas fall too. Although carbon emissions per unit of energy are higher for oil than for gas, the demand for oil (-12%) falls less than the demand for gas (-50%). This somewhat counter-intuitive result can largely be explained by the difference in initial taxation of gas and oil products in EU28. Oil products are heavily taxed, resulting in consumer prices that are more than four times as high as market prices. In contrast, consumer prices of gas are only one-and-a-half times as high as market prices. While the amount of carbon allowances that is required for the combustion of oil products exceeds those of gas per energy unit, their impacts on the consumer price of oil products are less than on the consumer price of gas. In the Autonomy/independence scenario the consumer price of gas rises by 58 per cent while the consumer price of oil 6 It is well known, of course, that alternative rebate schemes may produce different welfare ef-products rises only by 15 per cent. Hence, all else equal, demand for gas falls more than the demand for oil products. And this is indeed the result that was shown above and that also explains the relatively small effect on the carbon flows in Table 5 associated with oil and oil products and the relatively larger negative effect on the carbon flows associated with gas.
Demand for biomass depends on its rate of output subsidy. With no additional subsidies, demand for biomass increases by 6 per cent relative to the WEO2002 reference.
Because the demand for fossil fuels declines, the share of biomass in primary energy supply increases significantly. In electricity generation, the share of biomass in primary energy supply increases from 2.5 percent in the WEO2002 reference to 22.0 per cent.
Subsidizing biomass production increases the share of biomass in primary energy supply even further. A 100 per cent subsidy, as in the Autonomy/independence scenario, raises the share of biomass in electricity generation to 33.9 per cent.
But what are the benefits of this increased use of biomass? With the emissions trading system in place, total emissions of CO 2 are determined by the fixed quantity of allowances offered for sale. Under these circumstances, increased use of biomass does not reduce total carbon emissions. Increased use of domestically produced biomass could, however, lessen EU28's energy dependency. Figure 2 shows the relationship between the amount of biomass subsidy and energy dependency of EU28.
fects. We do not pursue this issue here, however. Figure 2 show energy dependency at subsidy rates of 0%, 50%, 100%, and 150% respectively. At these subsidy rates, energy dependency of EU28 drops from 67.6%, to 66.1%, to 65.6%, and finally to 65.4%. The X-axis of Figure 2 shows the total expenditure on subsidy. The 100% subsidy, as in the Autonomy/independence scenario, requires an annual expenditure of around € 7 billion.
The 100% biomass subsidy thus reduces energy dependency by 2 percent-points. The biomass subsidy does not, however, affect carbon flows significantly. The reason f is that the subsidized biomass does not substitute for fossil fuels, it only complements them. The subsidy enables EU28 to use more energy without violating the binding CO 2 constraint which it has committed to by its climate policy. Energy dependency falls not because less energy is imported, but because more energy is domestically produced.
Trading/interdependence scenario
The Trading/interdependence scenario is clearly quite different. In this scenario, The contribution of the elimination of coal subsidies in EU28 in this scenario is relatively minor. Without this eliminatio have been slightly higher. Nevertheless, the elimination of these perverse subsidies under the present scenario assumptions generates a welfare gain to EU28 of € 21 million. Figure 1 showed that the tangible carbon flow between FSU and EU28 is maintained at its WEO2002 reference level in the Trading/interdependence scenario, and is even slightly above this level. This is perhaps a bit surprising as total energy demand in EU28 falls by about a quarter. Although EU28 engages in emissions trading with FSU, it still reduces CO 2 emissions at home by 26 per cent. All else equal we would expect imports of energy resources to fall by about a quarter too. Table 6 shows that overall energy imports of EU28 fall by 18 per cent (first column). Table 6 also shows, however, that the change in import demand vastly differs among regions and that import demand from the FSU slightly increases. The primary reason for these differences is the carbon reduction measures that are taken in the FSU in the context of the emissions trading scheme and that reduce the demand for energy in the FSU by about a quarter too. As a consequence of this reduction in demand, domestic prices for energy commodities fall in the FSU and exports become relatively more attractive, including exports to EU28. Hence, although overall import demand of energy commodities by EU28 falls in the Trading/interdependence scenario, the price changes of energy commodities that result owances by from emission reduction measures in the FSU cause exports from the FSU to be maintained at their pre-policy levels. The relatively lower import prices of energy commodities from the FSU also explain the increase in energy dependency in the Trading/interdependence scenario that was shown in Table 5 . The increase in energy dependency to 70.3 per cent can be explained by increased imports from the FSU.
The magnitude of the carbon flow between FSU and EU28 is also affected by the financial transfers that are a consequence of the purchase of emission all EU28. How does EU28 finance the purchase of these emission allowances? EU28 could draw on its official reserves in its Central Bank, but that would not qualify as a sustainable policy. The only other way for the EU28 to finance these foreign allowances is to create a surplus on its current account, that is to create a surplus in its international trade in goods and services. In order to do so, EU28 has to depreciate its currency so as to make its exports cheaper on the world market and to make its imports more expensive.
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This depreciation limits total imports of EU28, including the imports of energy commodities from the FSU. Numerical analysis with GTAP-E showed that this effect indeed occurs in the Trading/interdependence scenario. Without any balance of payment constraint, the associated carbon flow from FSU would be 6 per cent higher at 339 Mt C.
However, EU28 would then run a current account deficit of € 3.7 billion. In the Trading/interdependence scenario it is assumed that EU28 finances its purchase of foreign emission allowances by creating an appropriate surplus on its current account, thus limiting overall imports and limiting carbon flows to the magnitudes depicted in Figure 1 .
5.4
Carbon dependency and welfare costs Figure 2 showed the relationship between the energy dependency ratio and subsidies on domestic biomass production. In the Trading/interdependence scenario, the energy dependency ratio rises to more than 70 per cent. This is not the end of the story, however. In the Trading/interdependence scenario, the dependency of EU28 is much larger if we take into account that the domestic consumption of energy commodities is not only dependent upon the foreign supplies of these commodities, but also on the foreign supplies of emission allowances. Figure 1 showed that a volume of 227 MtC of emission allowances is transferred from FSU to EU28. Let us call the overall dependency of energy commodities and emission allowances "carbon dependency". Carbon dependency can be defined as the ratio of net import of primary energy commodities in terms of car-7 For an instructive discussion on emissions trading and capital flows, see McKibbin et al, 1999. bon plus the net import of emission allowances in terms of carbon and the total consumption of energy commodities in terms of carbon. The logic is that energy users in EU28 are not only dependent upon foreign supplies of primary energy, but also on emission allowances to use this energy. It is clear that the difference in carbon dependency between the Autonomy/independence scenario and the Trading/interdependence scenario is much larger then the difference in energy dependency between those scenarios. Figure   3 shows both energy dependency ratios in the scenarios (repeated from Table 5 ) and the newly defined carbon dependency ratios. Table 7 compares these dependency ratios to the money metric of the welfare costs of the climate change policy options in both scenarios and for both regions. The money metric used to assess the welfare costs is the "equivalent variation", i.e. the sum of money that would leave people indifferent between their initial situation and their situation after the policy change. 
Conclusions
The design of Europe's future climate change policies has major impacts on a num- European climate change policies can affect carbon flows between EU28 and FSU and Europe's overall external energy dependency. If EU28 pursues major reductions of its CO 2 emission by domestic measures alone, the carbon flow from FSU would diminish.
A domestic EU system of emissions trading would have a larger effect on gas imports than on oil imports, because of its relatively high initial taxation of oil products. EU28
could marginally reduce its external energy dependency by subsidizing the domestic production of renewable energy sources, such as combustible biomass. Our simulations suggest, however, that this may be a costly policy.
A pan-European system of emission trading, including FSU, would dramatically reduce CO 2 permit prices and the overall welfare costs of climate change policies. However, EU28s external energy dependency would inc of emission allowances, Europe's external carbon dependency would rise to almost 90 per cent. Its dependency on FSU for primary energy commodities and CO 2 emission permits would rise to more than 40 per cent
In the final analysis, the preference of FSU for cooperation in climate change policies seems unambiguous. For EU28, the preference for cooperation seems undisputable from an economic perspective. However, the analysis suggests that efficient climate change policies increase energy dependency and, especially, carbon dependency. Hence, energy n scenarios. Also in the inte- security policy is unlikely to free ride on climate change policy and this needs to be taken into account in the formulation of such policies.
The present analysis was based on a number of simplifying assumptions. One assumption was that only EU28 and FSU would continue with climate change policies, while the other world regions would not. It might be potentially interesting to relax this assumption and to examine alternative global CO 2 reductio gration of biomass in the GTAP-E model and database, a number of simplifying, and perhaps arguable, assumptions were used. In further work, some of these assumptions, for example on technology, prices, and substitution elasticities, could be examined and refined. Finally, a dynamic representation of technology development under different policy scenarios could potentially generate interesting insights. were taken from IEA energy balances. Imports and exports of biomass energy were balanced in such a way that global imports equal global exports.
Appendix 1: Integrating biomass in the GTAP-5E database
Value data (in millions of 1997 USD) were calculated using the assumption that the price of combustible biomass per ton of oil equivalent (toe) is equal to the price of coal per toe (about 50 USD per toe depending on region and dem been assumed that the input vector for biomass is proportional to the input vector for agriculture [because of this and the fact that identical substitution parameters are used, the production technology of biomass energy is identical to the production technology of agriculture]. Moreover, taxes and tariffs on biomass are identical to those on agriculture.
Consistency of the database was preserved by subtracting the added biomass values from the original agriculture values (both for inputs and outputs). 
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